Background: To be eligible to receive treatment with an anti-tumour necrosis factor (TNF), non-radiographic axial spondyloarthritis (nr-axSpA) patients require either elevated levels of C-reactive protein (CRP) (CRP > upper limit of normal (ULN)) or magnetic resonance imaging assessment showing inflammation of the sacroiliac joints, in addition to meeting criteria for high disease activity. Many axSpA patients are classified as 'CRP-negative', or CRP normal, despite having levels close to the ULN, and are therefore formally ineligible for treatment. The aim of this study was to investigate the likelihood of a CRP test indicating elevated levels in axSpA patients that have previously tested CRP normal.
Background
Axial spondyloarthritis (axSpA) is a chronic inflammatory disease involving the spine and/or sacroiliac joints. Typically, axSpA patients are further classified as having either ankylosing spondylitis (AS) or non-radiographic (nr)-axSpA, depending on the presence or absence of radiographic sacroiliitis, respectively [1] . It is generally accepted that these two subpopulations represent a spectrum of the same disease, and both subgroups have been shown to experience a similar burden of disease and similar clinical response to anti-tumour necrosis factor (TNF) therapy [2, 3] . Nevertheless, concerns have been voiced regarding the possibility of spontaneous remission in nr-axSpA patients, and potential overtreatment with biologics [4] . In the US, anti-TNFs have received Food and Drug Administration (FDA) approval for the treatment of AS [5] [6] [7] [8] , but are yet to obtain approval for the treatment of nr-axSpA [9] . In contrast, four anti-TNFs have been approved by European regulatory authorities for the treatment of patients with active nr-axSpA on the condition that they must exhibit objective signs of inflammation, demonstrated by magnetic resonance imaging (MRI) and/or elevated levels of C-reactive protein (CRP) [10] [11] [12] .
The CRP level in axSpA patients is a key indicator of inflammation and is also considered to be a predictor of clinical response to anti-TNF treatment. In a number of studies, patients with elevated CRP at baseline have demonstrated significantly greater responses to anti-TNFs compared with patients with low CRP levels as well as those receiving placebo treatment [13, 14] .
To be eligible to receive treatment with an anti-TNF in Europe, Assessment of SpondyloArthritis international Society (ASAS) treatment recommendations state that nr-axSpA patients must have either a positive CRP assessment (elevated CRP greater than the upper limit of normal (ULN)) or a positive MRI showing inflammation of the sacroiliac joints, in addition to meeting criteria for high disease activity [15, 16] . Many axSpA patients with normal CRP levels are classified as CRP 'negative' despite having levels close to the ULN, and are therefore formally ineligible for treatment. The natural degree of CRP fluctuation in patients who have not received anti-TNF therapy is not well understood [17] , and should be investigated further.
In this post-hoc analysis of data from a phase 3 randomised controlled trial, we evaluated the consistency of CRP testing in patients with active axSpA.
Methods

Study design
The phase 3 RAPID-axSpA study (NCT01087762) evaluated the efficacy and safety of certolizumab pegol (CZP) in patients with active axSpA. The trial was double-blind and placebo-controlled to week 24, dose-blind to week 48 and open-label to week 204. Data here are taken from the initial 24-week, double-blind, placebo-controlled period.
At week 0, patients were randomised 1:1:1 to placebo, CZP 400 mg every 4 weeks (Q4W), or CZP 200 mg every other week (Q2W). Patients randomised to placebo who did not meet ASAS 20% response criteria (ASAS20) at either weeks 14 or 16 were allocated to escape treatment (re-randomised 1:1 to either CZP 200 mg Q2W or CZP 400 mg Q4W). Placebo-randomised patients who did achieve an ASAS20 response were re-randomised to CZP at week 24 (the end of the double-blind period).
We analysed data only from placebo-randomised patients until their point of re-randomisation to CZP at either week 16 or week 24.
The trial enrolled patients with a clinical diagnosis of axSpA, fulfilling ASAS criteria, with active disease defined by each of the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) score ≥ 4, spinal pain ≥ 4 on a 0-10 numeric rating scale, CRP > ULN (7.9 mg/L) and/or sacroiliitis on MRI as defined by ASAS classification criteria, within 3 months prior to screening. One re-testing of subjects who failed screening due to the CRP level was permitted. All patients had an inadequate response to, or intolerance of, ≥ 1 non-steroidal anti-inflammatory drug (NSAID). Conventional background medications at stable dose levels were allowed during the screening and double-blind periods of the study. Detailed inclusion and exclusion criteria have been previously presented [18] . Approval from the Independent Ethics Committee or Institutional Review Board was obtained. Informed consent according to the Declaration of Helsinki was collected from all patients.
Study procedures and evaluations
The primary outcome (ASAS20 responder rate at week 12) [18] , as well as safety, efficacy, and patient-reported outcomes to week 204, have been reported previously [19] . CRP level was assessed at screening, baseline, and at nine time points (weeks 1, 2, 4, 8, 12, 16, 18, 20, and 24) to week 24. Serum samples were analysed in two central laboratories: the European central laboratory (~60% of samples) used a conventional CRP assay with a lower limit of quantification (LLQ) of 3 mg/L, while the samples from North and Latin America (~40% of samples) were analysed with a high-sensitivity assay (LLQ 0.1 mg/L). Elevated CRP was defined as CRP > ULN (7.9 mg/L) and values ≤ 7.9 mg/L were considered to have normal CRP levels.
Statistical analysis
Linear mixed models (LMM) were used to investigate time trends, variability, and correlations of CRP data following a Ln(CRP mg/L + 1) transformation [20] . LMM analyses at the group level were used to evaluate possible placebo response, whilst LMM analyses at the patient level allowed auto-correlations (i.e. the similarity of two results depending on the time interval between them) to be quantified. Based upon the results from LMM analyses, simplified descriptive summaries were generated to illustrate reproducibility of CRP tests. Since valid post-week 16 evaluations were available from ASAS20 responders, certain descriptive analyses were restricted up to week 16 a priori to avoid data confoundment. For CRP values below the lower limit of quantification, half the lower limit was used for analysis. Statistical analyses were performed using SAS® version 9.3 (SAS Institute, Cary, NC, USA).
Results
Patient disposition and baseline characteristics
In RAPID-axSpA, a total of 325 patients were randomised to treatment at week 0, 107 to placebo, and 218 to CZP. Of 106 patients receiving placebo with baseline CRP assessments, 26 (25%) had normal CRP tests and 80 (75%) had elevated CRP levels.
Is a patient's CRP status stable?
Of the 26 patients with normal CRP levels at baseline, 13 (50%) subsequently had at least one test indicating elevated CRP levels to week 16, and 1 (4%) patient had elevated CRP for all following assessments to week 16. For the 80/106 patients with elevated CRP at baseline, 25 (31%) subsequently had at least one CRP test with normal CRP levels. No patients exhibited normal CRP levels for all subsequent assessments to week 16 (Table 1) .
How does CRP vary over time? Results from LMM analyses
There was no strong evidence of change in mean CRP from baseline to week 24 (note that all patients included were randomised to placebo). However, variation in CRP level was observed over time in individual patients. Analysis of within-subject auto-correlation indicated that short-term assessments (1-2 weeks apart) were strongly correlated, i.e. provided similar results. This correlation decreased in assessments separated by periods of ≥ 4 weeks. Results from LMM analyses are presented in Additional file 1.
Reproducibility of CRP status: what is the likelihood of a change in CRP status at a future assessment?
Given the observed lack of systematic group-level trends in CRP, we calculated how often a value within a given range was followed by an elevated CRP test result at a subsequent assessment (assuming that any available CRP assessments could represent a placebo-randomised patient's first and only available result). Descriptive evaluations demonstrated that 10.8% (n = 7) of ≤ 3 mg/L CRP assessments would result in elevated CRP levels (defined as > 7.9 mg/L) 4 weeks following their initial assessment (Fig. 1) . This increased to 53.1% (n = 17) when the original CRP assessment was between ≥ 6 and ≤ 7.9 mg/L. Similarly, 7.0% (n = 15) of CRP assessments ≥ 15 mg/L tested normal after 4 weeks, which increased to 28.3% (n = 13) when the initial CRP test was between > 7.9 and ≤ 10 mg/L. If assessments were repeated 12 weeks later, 62.5% (n = 10) of CRP tests between ≥ 6 and ≤ 7.9 mg/L would be followed by an elevated CRP. For patients with a CRP level between > 7.9 and ≤ 10 mg/L, the likelihood of having normal CRP levels increased to 34.3% (n = 12) after 12 weeks.
Discussion
The results of this study showed that, despite the patient-reported improvements in disease activity in patients treated with placebo [18] , CRP levels (as an indicator of inflammation) were not affected. However, fluctuation in CRP levels at the patient level were common: 50% of patients who exhibited normal CRP levels at baseline exhibited at least one elevated CRP result within the following 16 weeks, and 31% changed from elevated to normal CRP levels. In Data included are from weeks 0, 1, 2, 4, 8, 12, and 16. Elevated CRP was defined as CRP > upper limit of normal (7.9 mg/L) and values ≤ 7.9 mg/L were considered normal addition, further model-based and descriptive analyses demonstrated that patients with low CRP values at their first evaluation had a realistic chance of exhibiting elevated CRP upon re-evaluation. These results are in agreement with those from the ABILITY-1 study [21] , in which 24.6% (14/57) of placebo-treated patients with normal CRP levels at baseline developed elevated CRP levels after 12 weeks, suggesting that a change in a patient's CRP status is more common than previously thought. Alongside clinical parameters, assessing the likelihood of fluctuation in CRP levels could help inform treatment decisions for nr-axSpA patients. This would be particularly important for those with sacroiliitis on MRI and normal CRP, but high disease activity, suggesting a potential benefit from anti-TNF therapy. Introducing a further CRP test at least 4 weeks after the initial test (due to more short-term test results being highly auto-correlated) could assist with the more accurate categorisation of patient CRP profiles. Furthermore, the likelihood of demonstrating elevated CRP at a later time point is higher in patients with CRP levels just below the ULN.
After 4 weeks, auto-correlation continued to decrease to week 12. Subsequently, an additional assessment after 4 or 12 weeks could theoretically be acceptable, although recommendations should not be made based on these correlation data alone. It may be appropriate to distinguish between these two time points using practical considerations; an assessment at week 4 could be used in cases where rapid initiation of biological therapy is required, whereas week 12 may be more suitable if this time point coincides with a patient's next clinical assessment.
One of the limitations of these post-hoc analyses was that the sample size of the patient population used was relatively small; therefore, the interpretation of these results should be treated with caution. A further limitation was that all patients enrolled in the trial were required to have elevated CRP levels or active inflammation on MRI at screening; patients with elevated CRP at screening would be more likely to have elevated CRP at a later time point. Additionally, a relatively high threshold of ULN (> 7.9 mg/L) was used; different levels of variation may be seen at a lower threshold. Furthermore, the hypothesis that patients with clinically active disease but normal CRP levels at baseline should be re-tested is only relevant for those patients who do not have active inflammation on MRI at baseline. However, all patients in RAPID-axSpA with normal CRP values had demonstrated sacroiliitis on MRI at baseline; therefore, it is unclear whether CRP values in patients with active nr-axSpA who do not show active inflammation on MRI behave in a same manner. To make an evidence-based recommendation regarding the re-testing of CRP levels, it is recommended that additional data are collected to explore whether a patient with clinically active nr-axSpA (without sacroiliitis on MRI) with normal CRP at baseline and elevated CRP levels at a later time point is likely to respond to anti-TNF therapy. 
Conclusions
For nr-axSpA patients with no signs of inflammation on MRI and normal CRP levels, in addition to a high disease activity indicative of a potential benefit from anti-TNF treatment, the CRP test should be repeated after at least 4 weeks. There is a substantial chance of finding elevated CRP levels upon subsequent testing, thus making the patient eligible for treatment options such as anti-TNF therapies.
Key messages
Non-radiographic axSpA patients must exhibit inflammation (via MRI/CRP) to access anti-TNF treatment. Non-radiographic axSpA patients with normal CRP levels have a substantial chance of demonstrating elevated CRP at subsequent re-test. In non-radiographic axSpA patients, the CRP test should be repeated after at least 4 weeks. Funding UCB Pharma sponsored the study and the development of the manuscript/ publication and reviewed the text to ensure that, from a UCB Pharma perspective, the data presented in the publication are scientifically, technically, and medically supportable, that they do not contain any information that has the potential to damage the intellectual property of UCB Pharma, and that the publication complies with applicable laws, regulations, guidelines, and good industry practice.
Availability of data and materials UCB will share anonymised patient level data and additional information including CSR, study protocols, and SAP.
Authors' contributions
Substantial contributions to study conception/design, or acquisition/analysis/ interpretation of data: RL, TN, OD, and DB; drafting of the publication, or revising it critically for important intellectual content: RL, TN, OD, and DB; final approval of the publication: RL, TN, OD, and DB.
Ethics approval and consent to participate
The study protocol, amendments, and subject informed consent were reviewed by a national, regional, or Independent Ethics Committee (IEC) or Institutional Review Board (IRB). This study was conducted in accordance with the current version of the applicable regulatory and International Conference on Harmonisation (ICH)-Good Clinical Practice (GCP) requirements, the ethical principles that have their origin in the principles of the Declaration of Helsinki, and the local laws of the countries involved. Informed consent was obtained from subjects and documented in accordance with local regulations, ICH-GCP requirements, and the ethical principles that have their origin in the principles of the Declaration of Helsinki.
Consent for publication
Not applicable.
Competing interests RL has received consultancy fees and/or research grants and/or speaker's bureau from AbbVie, Ablynx, Amgen, AstraZeneca, Bristol-Myers Squibb, Centocor, GlaxoSmithKline, Novartis, Merck, Pfizer, Roche, Schering-Plough, and UCB Pharma. TN is an employee of UCB Pharma. OD is an employee and stockholder of UCB Pharma. DB has acted as an advisor and/or provided research collaboration for AbbVie, Bristol-Myers Squibb, Boehringer Ingelheim, Eli Lilly, Janssen, MSD, Novartis, Pfizer, Roche, and UCB Pharma, and is an employee of UCB Pharma.
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 3 UCB Pharma, Slough, UK.
Author details
